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(57) ABSTRACT

A compressor includes a compression mechanism, a drive
shaft, a bearing, and an oil supply passage configured to
supply lubrication oil to a clearance between the drive shaft
and the bearing. The drive shaft includes a large-diameter
shaft part supported by the bearing, and a small-diameter
shaft part connected to a lower end part of the large-diameter
shaft part. A sealing part is configured to reduced or prevent
oil leakage from the bearing includes an oil receiving surface
formed in the bearing housing so as to face a stepped surface
formed at a boundary between the large-diameter shaft part
and the small-diameter shaft part. A clearance is formed
between the oil receiving surface and the stepped surface so as
to surround an outer periphery of the small-diameter shaft
part.
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1
COMPRESSOR

CROSS-REFERENCE TO RELATED
APPLICATIONS

This U.S. National stage application claims priority under
35 U.S.C. §119(a) to Japanese Patent Application No. 2011-
158042, filed in Japan on Jul. 19, 2011, the entire contents of
which are hereby incorporated herein by reference.

TECHNICAL FIELD

The present disclosure relates to a compressor including a
compression mechanism configured to compress fluid by
rotational movement, a rotary drive shaft configured to drive
the compression mechanism, a bearing through which the
rotary drive shaft penetrates, and an oil supply passage
formed in the rotary drive shaft to supply lubrication oil to a
clearance between the rotary drive shaft and the bearing.

BACKGROUND ART

Conventionally, scroll compressors have been known as
compressors configured to compress fluid (see, e.g., Japanese
Unexamined Patent Publication No. 2003-294037). The
scroll compressor includes, as a compression mechanism, a
fixed scroll and a movable scroll. The movable scroll is placed
on an upper surface of a frame member with an Oldham’s
coupling being interposed between the movable scroll and the
frame member, and is rotatably driven by a drive shaft con-
nected to a rear surface of the movable scroll. The drive shaft
is fixed so as to be inserted into a rotor of a drive motor, and
is rotatably supported by upper and lower bearings which are
stacked on each other with the motor being interposed ther-
ebetween. An oil supply passage is formed in the drive shaft,
and an oil pump connected to a lower end part of the drive
shaft supplies lubrication oil from the oil supply passage to a
clearance between an inner circumferential surface of each
bearing and an outer circumferential surface of the drive
shaft. An oil groove extending in a circumferential direction
and serving as an oil collector is formed on a lower side in part
of the outer circumferential surface of the drive shaft sup-
ported by the upper bearing. In the upper bearing, an oil
passage through which lubrication oil collected to the oil
groove is guided to a predetermined section is formed. This
prevents oil from leaking down from the bearing.

SUMMARY
Technical Problem

In the foregoing scroll compressor, when the rotation speed
of the motor is increased in order to increase, e.g., the circu-
lation amount of fluid, the rotation speed of the oil pump is
increased in proportion to the rotation speed of the motor, and
the amount of lubrication oil supplied from the oil pump to
each bearing is also increased. Thus, when the scroll com-
pressor is operated at a high rotation speed, the amount of
lubrication oil supplied from the oil pump to the bearing
exceeds the amount of lubrication oil which can be collected
to the oil groove, and therefore lubrication oil is likely to leak
from a lower end of the bearing. As a result, there is a disad-
vantage that oil leaking from the lower end of the upper
bearing flows, together with refrigerant (fluid), out from the
casing through an outlet pipe.
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The present disclosure has been made in view of the fore-
going, and aims to prevent lubrication oil supplied to a bear-
ing from leaking from a lower end of the bearing and flowing
out from a casing.

Solution to the Problem

A first aspect of the invention is intended for a compressor
including a casing (5); a compression mechanism (7) housed
in the casing (5) and configured to compress fluid by rota-
tional movement; a rotary drive shaft (11) housed in the
casing (5) and connected to the compression mechanism (7)
atanupper end part of the rotary drive shaft (11); abearing (3)
through which the rotary drive shaft (11) penetrates; an oil
supply passage (29) formed in the rotary drive shaft (11) to
supply lubrication oil to a clearance between the rotary drive
shaft (11) and the bearing (3); and a sealing part (10) config-
ured to reduce or prevent downward oil leakage from the
bearing (3).

The rotary drive shaft (11) includes a large-diameter shaft
part (11f) supported by the bearing (3), and a small-diameter
shaft part (11g) formed so as to be coaxial to the large-
diameter shaft part (11f) and connected to a lower end part of
the large-diameter shaft part (11f).

The sealing part (10) includes an oil receiving surface (26)
which faces a stepped surface (12) formed at a boundary
between the large-diameter shaft part (11f) and the small-
diameter shaft part (11g) with a clearance being formed
between the oil receiving surface (26) and the stepped surface
(12) and which is formed so as to surround an outer periphery
of the small-diameter shaft part (11g).

In the first aspect of the invention, lubrication oil supplied
to the clearance between the large-diameter shaft part (11f) of
the rotary drive shaft (11) and the bearing (3) is branched into
a flow toward an upper end side of the bearing (3) and a flow
toward a lower end side of the bearing (3). The lubrication oil
flowing toward the lower end side of the bearing (3) is
received by the oil receiving surface (26) forming the sealing
part (10), and flows into the clearance space (28) between the
oil receiving surface (26) and the stepped surface (12) of the
rotary drive shaft (11) formed at the boundary between the
small-diameter shaft part (11g) and the large-diameter shaft
part (11f). Since rotation centrifugal force of the rotary drive
shaft (11) acts, through the stepped surface (12), on the lubri-
cation oil flowing into the clearance space (28), the lubrica-
tion oil flowing into the clearance space (28) is pushed back to
the outside in a radial direction by the centrifugal force. Thus,
even if lubrication oil leaks from a seal clearance (90) formed
on an inner circumferential side relative to the oil receiving
surface (26), the amount of lubrication oil leakage can be
suppressed to an extremely-small amount.

Moreover, in the present disclosure, the small-diameter
shaft part (11g) is provided in the rotary drive shaft (11), and
the oil receiving surface (26) is formed so as to surround the
outer periphery of the small-diameter shaft part (11g). Thus,
the cross-sectional area of a passage of the seal clearance (90)
formed on the inner circumferential side relative to the oil
receiving surface (26) can be reduced as compared to the case
where no small-diameter shaft part (11g) is provided. As a
result, downward oil leakage from the bearing (3) can be
reduced as much as possible,

A second aspect of the invention is intended for the com-
pressor of the first aspect of the invention, which further
includes a bearing housing (17) formed with an insertion hole
(18) into which the bearing (3) is inserted and fixed to the
casing (5). A first oil return groove (16) communicating, at
one end thereof with a clearance space (28) between the
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stepped surface (12) and the oil receiving surface (26) and
communicating, at the other end thereof, with a predeter-
mined space (22) inside the casing (5) is formed at an inner
circumferential surface of the bearing housing (17) defining
the insertion hole (18) for the bearing (3).

In the second aspect of the invention, lubrication oil flow-
ing into the clearance space (28) can be guided to the prede-
termined space (22) inside the casing (5) through the first oil
return groove (16).

A third aspect of the invention is intended for the compres-
sor of the first or second aspect of the invention, in which a
slit-shaped groove (12a) extending from an inside to an out-
side in a radial direction of the rotary drive shaft (11) is
formed at the stepped surface (12) of the rotary drive shaft
an.

In the third aspect of the invention, the slit-shaped groove
(12a) is radially formed at the stepped surface (12) of the
rotary drive shaft (11). Thus, as compared to the case where
no slit-shaped groove (12a) is provided, it can be ensured that
rotation centrifugal force from the rotary drive shaft (11) is
transmitted to lubrication oil flowing into the clearance space
(28). As a result, it can be ensured that the lubrication oil
flowing into the clearance space (28) is pushed back to the
outside in the radial direction.

A fourth aspect of the invention is intended for the com-
pressor of any one of the first to third aspects of the invention,
in which a second oil return groove (20) communicating, at
one end thereof, with the clearance space (28) between the
stepped surface (12) and the oil receiving surface (26) and
communicating, at the other end thereof, with the predeter-
mined space (22) inside the casing (5) is formed at an outer
circumferential surface of the large-diameter shaft part (11f).

In the fourth aspect of the invention, lubrication oil flowing
into the clearance space (28) can be guided to the predeter-
mined space (22) inside the casing (5) through the second oil
return groove (20).

A fifth aspect of the invention is intended for the compres-
sor of the fourth aspect of the invention, in which the second
oil return groove (20) formed in the large-diameter shaft part
(11f) of the rotary drive shaft (11) extends from a lower end to
an upper end of the large-diameter shaft part (11f) so as to be
inclined toward a rear side in a rotation direction of the rotary
drive shaft (11).

In the fifth aspect of the invention, since the second oil
return groove (20) extends from the lower end to the upper
end of the large-diameter shaft part (11f) so as to be inclined
toward the rear side in the rotation direction of the rotary drive
shaft (11), pumping action using viscous force upwardly
transmitted in an inclination direction of the second oil return
groove (20) can be provided for lubrication oil guided into the
second oil return groove (20). This causes lubrication oil in
the second oil return groove (20) to flow upward as the rotary
drive shaft (11) rotates. Thus, as compared to, e.g., the case
where the second oil return groove (20) is formed along an
axial direction of the rotary drive shaft (11), it earl be ensured
that lubrication oil flowing into the clearance space (28) is
guided to the predetermined space (22) through the second oil
return groove (20).

A sixth aspect of the invention is intended for the compres-
sor of any one of the first to fifth aspects of the invention, in
which the sealing part (10) further includes a cylindrical
sealing surface (24a) extending downward from an inner
circumferential edge of the oil receiving surface (26).

In the sixth aspect of the invention, since the seal clearance
(90) between the cylindrical sealing surface (24a) and an
outer circumferential surface of the small-diameter shaft part
(11g) functions as a flow disturbing passage for reducing or
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preventing a downward flow of lubrication oil, downward
leakage of lubrication oil from the bearing (3) can be reduced
as much as possible.

A seventh aspect of the invention is intended for the com-
pressor of the sixth aspect of the invention, in which a dis-
tance between an outer circumferential surface of the small-
diameter shaft part (11g) and the cylindrical sealing surface
(24a) is equal to or longer than a distance between the outer
circumferential surface of the large-diameter shaft part (11f)
and an inner circumferential surface of the bearing (3).

In the seventh aspect of the invention, the distance (i.e., the
width of the seal clearance (90)) between outer circumferen-
tial surface of the small-diameter shaft part (11g) and the
cylindrical sealing surface (24a) is set so as to be equal to or
longer than the distance (i.e., a so-called bearing clearing)
between the outer circumferential surface of the large-diam-
eter shaft part. (11f) and the inner circumferential surface of
the bearing (3). Thus, even if the rotary drive shaft (11) is
decentered or inclined by the amount corresponding to the
bearing clearance during rotation of the rotary drive shaft
(11), the small-diameter shaft part (11g) and the cylindrical
sealing surface (24a) do not contact with each other.

Advantages of the Invention

In the present disclosure, lubrication oil supplied to the
clearance between the rotary drive shaft (11) and the bearing
(3) and flowing toward the lower end side of the bearing (3)
can be received by the oil receiving surface (26) forming the
sealing part (10). This allows centrifugal force to act on the
received lubrication oil through the stepped surface (12) of
the rotary drive shaft (11). Thus, downward leakage of lubri-
cation front the seal clearance (90) formed on the inner cir-
cumferential side relative to the oil receiving surface (26) can
be reduced. Moreover, since the oil receiving surface (26) is
formed so as to surround the outer periphery of the small-
diameter shaft part (11g) of the rotary drive shaft (11), the
cross-sectional area of the passage of the seal clearance (90)
formed on the inner circumferential side relative to the oil
receiving surface (26) can be reduced as much as possible.
Thus, even if lubrication oil leaks from the seal clearance
(90), the amount of such leakage can be suppressed to an
extremely-small amount. Furthermore, the following can be
reduced: lubrication oil leaking down from the bearing (3)
flows out from the casing (5) together with working fluid such
as refrigerant. As a result, unwanted oil discharge resulting in
a lack of a lubrication oil amount inside the casing (5) can be
reduced or prevented.

In the second aspect of the invention, lubrication oil flow-
ing into the clearance space (28) can be guided to the prede-
termined space (22) inside the casing (5) through the first oil
return groove (16) formed at the inner circumferential surface
of'the bearing housing (17) defining the insertion hole (18) for
the bearing (3). This reduces or prevents oil leakage caused
due to accumulation of lubrication oil in the clearance space
(28).

In the third aspect of the invention, since the slit-shaped
groove (12a) is radially formed at the stepped surface (12) of
the rotary drive shaft (11), it can be ensured that centrifugal
force from the rotary drive shaft (11) is, through the slit-
shaped groove (12a), transmitted to lubrication oil flowing
into the clearance space (28). Thus, even in, e.g., the case
where the rotational speed of the compressor increases to
rapidly increase the amount of lubrication oil supplied to the
bearing (3), the lubrication oil can be, against inertia of a flow
of' the lubrication oil, pushed back to the outside of the clear-
ance space (28) in the radial direction.
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In the fourth aspect of the invention, lubrication oil flowing
into the clearance space (28) can be guided to the predeter-
mined space (22) inside the casing (5) through the second oil
return groove (20). Thus, advantages similar to those of the
second aspect of the invention can be realized.

In the fifth aspect of the invention, the second oil return
groove (20) is inclined to the rear side in the rotation direction
of the rotary drive shaft (11) as the second oil return groove
(20) extends upward. This allows inertia force upwardly
transmitted in the inclination direction of the second oil return
groove (20) to act on lubrication oil in the second oil return
groove (20). As a result, the second oil return groove (20)
functions as a pump configured to pump up lubrication oil
from the clearance space (28). Thus, it can be ensured that
Iubrication oil which cannot be discharged from the clearance
space (28) only by rotation centrifugal force of the rotary
drive shaft (11) is guided to the predetermined space (22) by
the pumping action of the second oil return groove (20).

In the sixth aspect of the invention, the seal clearance (90)
between the cylindrical sealing surface (24a) and the outer
circumferential surface of the small-diameter shaft part (11g)
is used as the flow disturbing passage, downward leakage of
lubrication oil from the bearing (3) can be reduced as much as
possible.

In the seventh aspect of the invention, even if the rotary
drive shaft (11) is decentered or inclined by the amount cor-
responding to the bearing clearance during operation of the
compressor, the small-diameter shaft part (11g) and the cylin-
drical sealing surface (24a) do not contact with each other.
Thus, an adverse influence such as seizure due to contact
between the small-diameter shaft part (11g) and the cylindri-
cal sealing surface (24a) can be reduced or prevented. Con-
sidering reduction or prevention of seizure of the rotary drive
shaft (11), it is generally preferred that the distance (i.e., the
seal clearance (90)) between the outer circumferential surface
of the small-diameter shaft part (11g) and the cylindrical
sealing surface (24a) is long. Considering reduction or pre-
vention of oil leakage, it is preferred that the distance between
the outer circumferential surface of the small-diameter shaft
part (11g) and the cylindrical sealing surface (24a) is short.
Thus, in a conventional compressor, it is difficult to realize
both of reduction or prevention of seizure of the rotary drive
shaft (11) and reduction or prevention of oil leakage. On the
other hand, in the present disclosure, rotation centrifugal
force of the rotary drive shaft (11) is used to intentionally
discharge lubrication oil between the oil receiving surface
(26) and the stepped surface (12) of the rotary drive shaft (11)
to the outside in the radial direction. Thus, even if a large seal
clearance (90) on the inner circumferential side relative to the
oil receiving surface (26) is formed, leakage of lubrication oil
from the seal clearance (90) can be reduced. Consequently,
the foregoing demands conflicting with each other can be
fulfilled.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 is a longitudinal sectional view illustrating a com-
pressor of an embodiment of the present disclosure.

FIG. 2 is an enlarged longitudinal sectional view illustrat-
ing the periphery of an upper bearing.

FIG. 3 is an enlarged longitudinal sectional view illustrat-
ing details of a section indicated by “A” in FIG. 2.

FIG. 4 is a cross-sectional view along an IV-IV line illus-
trated in FIG. 1.

FIG. 5 is a view illustrating a variation of the embodiment
and corresponding to FIG. 2.
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FIG. 6 is a cross-sectional view along a VI-VI line illus-
trated in FIG. 5

DESCRIPTION OF EMBODIMENTS

Embodiments of the present disclosure will be described
below in detail with reference to drawings.

First Embodiment

FIG. 1 illustrates a scroll compressor (1) of a first embodi-
ment of the present disclosure. The scroll compressor (1) is
provided in, e.g., a vapor compression refrigeration circuit of
an air conditioner, and is configured to compress refrigerant.

The scroll compressor (1) includes a casing (5), a scroll
mechanism (7) housed in the casing , and a motor (9) housed
in the casing (5). The scroll mechanism (7) and the motor (9)
are connected together through a drive shaft (11), The drive
shaft (11) is rotatably supported by an upper bearing (3) and
a lower bearing (35) which are staked on each other with the
motor (9) being interposed therebetween.

The scroll mechanism (7) includes a fixed scroll (13) and a
movable scroll (15), and serves as a compression mechanism.

The fixed scroll (13) and the movable scroll (15) are each
configured such that a spiral wrap (136, 156) is formed
together with a flat plate-shaped board (134, 154a). The fixed
scroll (13) and the movable scroll (15) are arranged in parallel
such that the wraps (135, 155) are engaged with each other to
form a compression chamber (7a).

The board (13a) of the fixed scroll (13) is, at an outer
circumferential part thereof, fixed to an upper surface of a
housing (17).

The housing (17) is, at an outer circumferential part
thereof, fixed to the casing (5), and the drive shaft (11) pen-
etrates a center part of the housing (17). On the upper surface
of'the housing (17), the movable scroll (15) is placed so as not
to rotate but to revolve with an Oldham’s coupling (not shown
in the figure) being interposed between the movable scroll
(15) and the housing (17).

The motor (9) serves as a drive unit including a stator (19)
and a rotor (21), and is connected to the drive shaft (11) with
the drive shaft (11) being inserted into the rotor (21).

An upper end of the drive shaft (11) is connected to the
movable scroll (15) with the drive shaft (11) being inserted
into a boss (15¢) of the movable scroll (15). An oil pump (23)
is provided in a lower end part of the drive shaft (11), and the
oil pump (23) extends to the inside of an oil sump (5a) of a
bottom part of the casing (5).

An inlet pipe (25) is connected to an upper part of the
casing (5), and an outlet pipe (27) is connected to a middle
part of a body of the casing (5). The inlet pipe (25) commu-
nicates with an intake space (75) formed outside the wraps
(13b,155), and refrigerant is introduced into the compression
chamber (7a).

An outlet port (7¢) communicating with the compression
chamber (7a) is formed in a center part of the board (13a) of
the fixed scroll (13). Moreover, a refrigerant passage (7d) is
formed between an outer circumferential part of the board
(13a) of the fixed scroll (13) and the casing (5) and between
the outer circumferential part of the housing (17) and the
casing (5). The refrigerant passage (7d) is formed on as to
extend in a longitudinal direction, and guides refrigerant from
above the fixed scroll (13) to below the housing (17).

An oil supply passage (29) is formed in the drive shaft (11).
The oil supply passage (29) is formed so as to extend from a
lower end to the upper end of the drive shaft (11), and com-
municates with the oil pump (23) at a lower end of the oil

supply passage (29).
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The drive shaft (11) includes a main shaft part (11a) fitted
into the rotor (21) and rotatably fixed to the rotor (21), and a
crank shaft part (115) inserted into the boss (15¢) formed at a
lower surface of the movable scroll (15).

An upper end part of the main shaft part (11a) is, using the
upper bearing (3), supported by the casing (5) with the hous-
ing (17) being interposed between the upper bearing (3) and
the casing (5), and a lower end part of the main shaft part (11a)
is, using the lower bearing (35), supported by the casing (5)
with a support member (33) being interposed between the
lower bearing (35) and the casing (5).

Part of the main shaft part (11a) above the motor (9)
includes a large-diameter shaft part (11f) supported using the
upper bearing (3), and a small-diameter shaft part (11g)
formed so as to be coaxial to the large-diameter shaft part
(11/) and connected to a lower end surface of the large-
diameter shaft part (11f). A stepped surface (12) perpendicu-
lar to an axial direction of the main shaft part (11a) is formed
at a boundary between the large-diameter shaft part (11f) and
the small-diameter shaft part (11g) of the main shaft part
(11a) (see FIGS. 2 and 3). The stepped surface (12) is part of
the lower end surface of the large-diameter shaft part (11f)
other than part of the large-diameter shaft part (11f) con-
nected to the small-diameter shaft part (11g), and is formed in
a circular shape surrounding the outer periphery of the small-
diameter shaft part (11g) as viewed in the axial direction. A
second oil return groove (20) which will be described later is
formed at an outer circumferential surface of the large-diam-
eter shaft part (11f) of the main shaft part (11a).

A weight press-fitted part (11/) having a diameter slightly
smaller than that of the large-diameter shaft part (11f) is
formed in part of the main shaft part (11a) above the large-
diameter shaft part (11f). A balance weight (32) configured to
correct rotation unbalance of the drive shaft (11) due to eccen-
tricity of the crank shaft part (115) is attached to the weight
press-fitted part (114).

The upper bearing (3) is a cylindrical plain bearing through
which the drive shaft (11) penetrates, and is configured to
receive lubrication oil supplied from the oil supply passage
(29) through a branched passage (31) and support the drive
shaft (11). The branched passage (31) opens at the outer
circumferential surface of the drive shaft (11) so as to be
positioned in the middle of the upper bearing (3) in the lon-
gitudinal direction. As in the upper bearing (3), the lower
bearing (35) is also a cylindrical plain bearing.

The upper bearing (3) is, by press-fitting, fixed in a cylin-
drical bearing hole (18) formed in the center part of the
housing (17). Note that the outlet pipe (27) is connected to the
casing (5) at a position substantially lateral to the upper bear-
ing (3). A first oil return groove (16) extending in the longi-
tudinal direction is formed along an inner circumferential
surface of the housing (17) defining the bearing hole (18).
Note that the first oil return groove (16) is not limited to a
single groove, and, e.g., a plurality of first oil return grooves
(16) may be formed at equal intervals in a circumferential
direction.

A recessed space (22) opening upward is formed above the
bearing hole (18) of the housing (17), and the balance weight
(32) is housed in the recessed space (22). A cylindrical seal
hole (24) through which the small-diameter shaft part (11g)
penetrates is formed at the bottom of the bearing hole (18).
The seal hole (24) is formed so as to be coaxial to the bearing
hole (18). A circular surface of the housing (17) which does
not define the seal hole (24) at the bottom of the bearing hole
(18) functions as an oil receiving surface (26) configured to
receive lubrication oil flowing downward from the upper
bearing (3).
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Inthe present embodiment, the distance between a circum-
ferential wall surface (24a) of the housing (17) defining the
seal hole (24) and an outer circumferential surface of the
small-diameter shaft part (11g) is set to be equal to or slightly
longer than a bearing clearance of the upper bearing (3).

The oil receiving surface (26) is formed on as to face the
circular stepped surface (12) formed in the upper end part of
the main shaft part (11a) and to be apart from the stepped
surface (12) with a predetermined clearance (i.e., formed so
as to face the stepped surface (12) in the axial direction), and
is formed an as to surround the outer periphery of the small-
diameter shaft part (11g). In the present embodiment, the oil
receiving surface (26) and the circumferential wall surface
(24a) defining the seal hole (24) together form a sealing part
(10). On a lower side of the bearing hole (18), a circular
groove (30) is formed so as to surround the entire outer
periphery of a clearance space (28) formed between the oil
receiving surface (26) and the stepped surface (12). The cir-
cular groove (30) communicates with the clearance space
(28) on an inner circumferential side of the circular groove
(30). The circular groove (30) functions as a grinding under-
cut upon processing of the bearing hole (18), and also func-
tions as a communication path between the clearance space
(28) and the first oil return groove (16).

At alower end of the first oil return groove (16), the first oil
return groove (16) communicates with the circular groove
(30). Atan upper end of the first oil return groove (16), the first
oil return groove (16) communicates with the recessed space
(22) in which the balance weight is housed.

Referring to FIG. 4, the second oil return groove (20) is
formed at part of the outer circumferential surface of the
large-diameter shaft part (11f) of the drive shaft (11) opposite
to a load side. The second oil return groove (20) extends from
a lower end side to an upper end side of the large-diameter
shaft part (11f) an as to be inclined toward a rear side in a
rotation direction of the large-diameter shaft part (11f) (i.e.,
inclined to a direction opposite to the rotation direction). At a
lower end of the second oil return groove (20), the second oil
return groove (20) communicates with the clearance space
(28). Atan upper end of the second oil return groove (20), the
second oil return groove (20) communicates with the recessed
space (22).

Operation

Next, a compression operation of the scroll a compressor
(1) described above will be described.

First, when the motor (9) is driven, the movable scroll (15)
dose not rotate but revolves relative to the fixed scroll (13)
through the drive shaft (11). As the compression chamber (74)
formed between the wraps (135, 155) inwardly moves toward
the center in a spiral pattern, the volume of the compression
chamber (7a) decreases. Meanwhile, refrigerant in a refrig-
erant circuit flows into the intake space (75) through the inlet
pipe (25), and then flows into the compression chamber (7a)
of the scroll mechanism (7). The refrigerant of the compres-
sion chamber (7a) is compressed as the volume of the com-
pression chamber (7a) decreases, and flows into the casing (5)
through the outlet port (7¢). Such high-pressure refrigerant
flows down from the upper part of the casing (5) through the
refrigerant passage (7d). Then, the refrigerant flows into the
refrigerant circuit through the outlet pipe (27).

Lubrication oil in the oil sump (5a) of a lower part of the
casing (5) flows into the oil supply passage (29) by the oil
pump (23), and then is supplied to, e.g., the upper bearing (3).
In the upper bearing (3), the lubrication oil is supplied to a
clearance between the outer circumferential surface of the
large-diameter shaft part (11f) of the drive shaft (11) and an
inner circumferential surface of the upper bearing (3) through
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the branched passage (31). The lubrication oil supplied to the
clearance between the large-diameter shaft part (11f) and the
upper bearing (3) is branched into a flow toward an upper end
side of the upper bearing (3) and a flow toward a lower end
side of the upper bearing (3). The lubrication oil flowing
toward the lower end side of the upper bearing (3) is received
by the oil receiving surface (26) of the housing (17), and flows
into the clearance space (28) between the oil receiving surface
(26) and the stepped surface (12) of the drive shaft (11).
Rotation centrifugal force from the large-diameter shaft part
(11f) acts, through the stepped surface (12), on the lubrication
oil flowing into the clearance space (28). As a result, the
lubrication oil flowing into the clearance space (28) is, by the
centrifugal force, pushed back to the outside in a radial direc-
tion. The pushed-back lubrication oil is discharged to the
circular groove (30) surrounding the clearance space (28),
and is guided to the recessed space (22) through the first oil
return groove (16) formed at the circumferential wall surface
defining the bearing hole (18). The lubrication oil guided to
the recessed space (22) flows into the refrigerant passage (7d)
through an oil passage (170 formed in the housing (17). Then,
the lubrication oil flows downward together with refrigerant,
and returns to the oil sump (5a).

Of'the lubrication oil flowing into the clearance space (28),
the lubrication oil which cannot be discharged to the circular
groove (30) is discharged to the recessed space (22) through
the second oil return groove (20). Since the second oil return
groove (20) extends from the lower end side to the upper end
side of the large-diameter shaft part (11/) so as to be inclined
to the rear side in the rotation direction of the large-diameter
shaft part (11f), the lubrication oil flowing into the second oil
return groove (20) receives inertia force upwardly transmitted
in an inclination direction of the second oil return groove (20)
by rotation of the drive shaft (11). Thus, such inertia force is
used to intentionally cause the lubrication oil in the second oil
return groove (20) to upwardly flow, thereby guiding the
lubrication oil to the recessed space (22).

Since the lubrication oil flowing into the clearance space
(28) is guided to the recessed space (22) through the first oil
return groove (16) or the second oil return groove (20), leak-
age of the lubrication oil from a seal clearance (90) between
the seal hole (24) of the housing (17) and the drive shaft (11)
toward the motor (9) can be reduced. Thus, since the amount
of lubrication oil discharged through the outlet pipe (27)
together with refrigerant decreases, unwanted oil discharge
resulting in a lack of lubrication oil in the casing can be
reduced or prevented.

In the foregoing embodiment, the distance (i.e., the width
of the seal clearance (90)) between the circumferential wall
surface (24a) defining the seal hole (24) and the outer circum-
ferential surface of the small-diameter shaft part (11g) is setto
be equal to or slightly longer than the bearing clearance of the
upper bearing (3). Thus, even if the drive shaft (11) is decen-
tered or inclined by the amount corresponding to the bearing
clearance during operation of the scroll compressor (1), the
small-diameter shaft part (11g) and the circumferential wall
surface (24a) defining the seal hole (24) do not contact with
each other. Consequently, an adverse influence such as sei-
zure due to direct contact between the small-diameter shaft
part (11g) and the circumferential wall surface (24a) can be
reduced or prevented. Considering reduction or prevention of
seizure of the drive shaft (11), it is generally preferred that the
distance between the circumferential wall surface (24a)
defining the seal hole (24) and the outer circumferential sur-
face of the small-diameter shaft part (11g) is long. Consider-
ing reduction or prevention of oil leakage, it is preferred that
the distance between the circumferential wall surface (24a)
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defining the seal hole (24) and the outer circumferential sur-
face of the small-diameter shaft part (11g) is short. Thus, in a
conventional compressor, it is difficult to realize both of
reduction or prevention of seizure of a rotary drive shaft and
reduction or prevention of oil leakage. In the foregoing
embodiment, rotation centrifugal force of the drive shaft (11)
is used to intentionally discharge lubrication oil between the
oil receiving surface (26) and the stepped surface (12) of the
drive shaft (11) to the outside in the radial direction. Thus,
even if the large seal clearance (90) on the inner circumfer-
ential side relative to the oil receiving surface (26) is formed,
leakage of lubrication oil from the seal clearance (90) can be
reduced. Consequently, the foregoing demands conflicting
with each other can be fulfilled.

Variation

FIGS. 5 and 6 illustrate a variation of the foregoing
embodiment, and the configuration of the stepped surface
(12) of the drive shaft (11) as illustrated in FIGS. 5 and 6 is
different from that of the foregoing embodiment. Note that
the same reference numerals as those shown in FIG. 2 are
used to represent substantially equivalent elements in the
present variation, and the description thereof will not be
repeated.

That is, in the present variation, a plurality of slit-shaped
grooves (12a) (e.g., eight slit-shaped grooves (12q) in the
present variation) extending toward the outside in the radial
direction are formed at the stepped surface (12) of the drive
shaft (11). Each slit-shaped groove (12a) is formed so as to
extend from an inner circumferential edge to an outer circum-
ferential edge of the stepped surface (12) in the radial direc-
tion, and opens, at an outer circumferential side thereof, to the
outside in the radial direction. Each slit-shaped groove (12a)
linearly extends from the inside to the outside in the radial
direction, but may be formed so as to curve in a streamline
shape as viewed in the axial direction of the drive shaft (11).

According to the present variation, since the slit-shaped
grooves (12a) are formed at the stepped surface (12) of the
drive shaft (11), it can be ensured, as compared to the case
where no slit-shaped groove (12a) is formed, that rotation
centrifugal force of the drive shaft (11) is transmitted to
Iubrication oil flowing into the clearance space (28) formed
between the stepped surface (12) and the oil receiving surface
(26). Thus, it can be ensured that the lubrication oil flowing
into the clearance space (28) is pushed back toward the out-
side in the radial direction by the centrifugal force and is
discharged to the circular groove (30). Consequently, in the
present variation, it can be further ensured that features and
advantages similar to those of the foregoing embodiment are
realized.

Other Embodiments

The configuration of the present disclosure is not limited to
the foregoing embodiments, and includes various configura-
tions other than the foregoing.

Thatis, in each of the foregoing embodiments, the example
where the scroll compressor (1) is employed as the compres-
sor has been described. However, the present disclosure is not
limited to such an example, and, e.g., a centrifugal compres-
sor or an axial compressor may be employed.

In each of the foregoing embodiments, the plain bearing is
employed as each bearing (3, 35). However, the present dis-
closure is not limited to the plain bearing, and, e.g., a rolling
bearing may be employed.

In each of the foregoing embodiments, the circular groove
(30) is formed at the circumferential wall surface of the hous-
ing (17) below the bearing hole (18), but the circular groove
(30) is not necessarily formed.



US 9,322,403 B2

11

In each of the foregoing embodiments, the structure for
reducing or preventing oil leakage is employed for the upper
bearing (3). However, the present disclosure is not limited to
such a configuration, and the structure for reducing or pre-
venting oil leakage may be employed for, e.g., the lower
bearing (35).

In each of the foregoing embodiments, the sealing part (10)
includes the oil receiving surface (26) and the circumferential
wall surface (24a) defining the seal hole (24), but the sealing
part (10) does not necessarily include the circumferential wall
surface (24a) defining the seal hole (24). That is, as long as the
sealing part (10) includes the oil receiving surface (26), any
configurations may be employed for the sealing part (10).

In each of the foregoing embodiments, the sealing part (10)
is provided in the housing (17). However, the present disclo-
sure is not limited to such a configuration, and the sealing part
(10) may be provided in, e.g., a member other than the hous-
ing (17).

INDUSTRIAL APPLICABILITY

The present disclosure is useful for a compressor including
a compression mechanism configured to compress fluid by
rotational movement, a rotary drive shaft configured to drive
the compression mechanism, a bearing through which the
rotary drive shaft penetrates, and an oil supply passage
formed in the rotary drive shaft to supply lubrication oil to a
clearance between the rotary drive shaft and the bearing. In
particular, the present disclosure is useful for a compressor in
which an outlet pipe is connected to a motor housing space
formed below a bearing.

DESCRIPTION OF REFERENCE CHARACTERS

3 Bearing

5 Casing

7 Scroll Mechanism (Compression Mechanism)
10 Sealing Part

11 Drive Shaft

11/ Large-Diameter Shaft Part

11g Small-Diameter Shaft Part

12 Stepped Surface

12a Slit-Shaped Groove

16 First Oil Return Groove

17 Housing (Bearing Housing)

18 Bearing Hole (Insertion Hole)

20 Second Oil Return Groove

22 Recessed Space (Predetermined Space)
24a Cylindrical Sealing Surface Sealing Part)
26 Oil Receiving Surface (Sealing Part)

28 Clearance Space

29 Oil Supply Passage

What is claimed is:

1. A compressor comprising:

a casing;

a compression mechanism housed in the casing and con-
figured to compress fluid by rotational movement;

a rotary drive shaft housed in the casing and connected to
the compression mechanism at an upper end part of the
rotary drive shaft;

a bearing with the rotary drive shaft penetrating there-
through;

an oil supply passage formed in the rotary drive shaft to
supply lubrication oil to a clearance between the rotary
drive shaft and the bearing;

asealing part configured to reduce or prevent downward oil
leakage from the bearing; and

5

10

15

20

25

30

35

40

45

50

55

60

65

12

a bearing housing formed with an insertion hole, the bear-
ing being inserted in the insertion hole and the bearing
housing being fixed to the casing,

the rotary drive shaft including
alarge-diameter shaft part supported by the bearing, and
a small-diameter shaft part connected to a lower end part

of'the large-diameter shaft part so as to be coaxial with
the large-diameter shaft part,

the sealing part including an oil receiving surface formed in
the bearing housing so as to face a stepped surface
formed at a boundary between the large-diameter shaft
part and the small-diameter shaft part with a clearance
being formed between the oil receiving surface and the
stepped surface so as to surround an outer periphery of
the small-diameter shaft part,

the sealing part being formed with
aclearance space between the stepped surface and the oil

receiving surface, and
a circular groove surrounding an outer periphery of the
clearance space,
the bearing housing having an inner circumferential sur-
face defining the insertion hole with a first oil return
groove formed at the inner circumferential surface, the
first oil return groove
communicating, at one end thereof, with the circular
groove,

communicating, at the other end thereof, with a prede-
termined space inside the casing,

disposed outside the bearing in a radial direction relative
to the rotary drive shaft, and

configured to allow the lubrication oil on which centrifu-
gal force of the rotary drive shaft acts in the clearance
space to flow through the first oil returning groove.
2. The compressor of claim 1, wherein
a slit-shaped groove extending from an inside of the rotary
drive shaft to an outside of the rotary drive shaft in the
radial direction is formed at the stepped surface of the
rotary drive shaft.
3. The compressor of claim 2, wherein
a second oil return groove is formed at an outer circumfer-
ential surface of the large-diameter shaft part, the second
oil return groove
communicating, at one end thereof with the clearance
space between the stepped surface and the oil receiv-
ing surface and

communicating, at the other end thereof, with the pre-
determined space inside the casing.

4. The compressor of claim 3, wherein

the second oil return groove extends from a lower end to an
upper end of the large-diameter shaft part so as to be
inclined toward a rear side in a rotation direction of the
rotary drive shaft.

5. The compressor of claim 4, wherein

the sealing part further includes a cylindrical sealing sur-
face extending downward from an inner circumferential
edge of the oil receiving surface.

6. The compressor of claim 5, wherein

a distance between an outer circumferential surface of the
small-diameter shaft part and the cylindrical sealing sur-
face is equal to or longer than a distance between the
outer circumferential surface of the large-diameter shaft
part and an inner circumferential surface of the bearing.

7. The compressor of claim 3, wherein

the sealing part further includes a cylindrical sealing sur-
face extending downward from an inner circumferential
edge of the oil receiving surface.
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8. The compressor of claim 7, wherein
a distance between an outer circumferential surface of the
small-diameter shaft part and the cylindrical sealing sur-
face is equal to or longer than a distance between the
outer circumferential surface of the large-diameter shaft
part and an inner circumferential surface of the bearing.
9. The compressor of claim 2, wherein
the sealing part further includes a cylindrical sealing sur-
face extending downward from an inner circumferential
edge of the oil receiving surface.
10. The compressor of claim 9, wherein
a distance between an outer circumferential surface of the
small-diameter shaft part and the cylindrical sealing sur-
face is equal to or longer than a distance between the
outer circumferential surface of the large-diameter shaft
part and an inner circumferential surface of the bearing.
11. The compressor of claim 1, wherein
a second oil return groove is formed at an outer circumfer-
ential surface ofthe large-diameter shaft part, the second
oil return groove
communicating, at one end thereof, with the clearance
space between the stepped surface and the oil receiv-
ing surface and
communicating, at the other end thereof, with the pre-
determined space inside the casing.
12. The compressor of claim 11, wherein
the second oil return groove extends from a lower end to an
upper end of the large-diameter shaft part so as to be
inclined toward a rear side in a rotation direction of the
rotary drive shaft.
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13. The compressor of claim 12, wherein

the sealing part further includes a cylindrical sealing sur-
face extending downward from an inner circumferential
edge of the oil receiving surface.

14. The compressor of claim 13, wherein

a distance between an outer circumferential surface of the
small-diameter shaft part and the cylindrical sealing sur-
face is equal to or longer than a distance between the
outer circumferential surface of the large-diameter shaft
part and an inner circumferential surface of the bearing.

15. The compressor of claim 11, wherein

the sealing part further includes a cylindrical sealing sur-
face extending downward from an inner circumferential
edge of the oil receiving surface.

16. The compressor of claim 15, wherein

a distance between an outer circumferential surface of the
small-diameter shaft part and the cylindrical sealing sur-
face is equal to or longer than a distance between the
outer circumferential surface of the large-diameter shaft
part and an inner circumferential surface of the bearing.

17. The compressor of claim 1, wherein

the sealing part further includes a cylindrical sealing sur-
face extending downward from an inner circumferential
edge of the oil receiving surface.

18. The compressor of claim 17, wherein

a distance between an outer circumferential surface of the
small-diameter shaft part and the cylindrical sealing sur-
face is equal to or longer than a distance between the
outer circumferential surface of the large-diameter shaft
part and an inner circumferential surface of the bearing.
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